Now, it is possible to discuss qualitatively the effects of skis, skier's ski control and slope on a ski turn by simulation. The reliability of a simulation depends on the accuracy of the models used in the simulation. In the present study, we attempt to develop a new ski control model for a "parallel turn" using a computer graphics technique. The "ski control" necessary for the simulation is the relative motion of the skier's center of gravity to the ski and the force acting on the ski from the skier. The developed procedure is as follows. First, the skier is modeled using a multibody system consisting of body parts. Second, various postures of the skier during the "parallel turn" are drawn using a 3D-CAD (three dimensional computer aided design) system referring to the pictures videotaped on a slope. The position of the skier's center of gravity is estimated from the produced posture. Third, the skier's ski control is obtained by arranging these postures in a time schedule. One can watch the ski control on a TV. Last, the three types of forces acting on the ski from the skier are estimated from the gravity force and the three relative types of inertia forces acting on the skier. Consequently, one can obtain accurate ski control for the simulation of the "parallel turn", that is, the relative motion of the skier's center of gravity to the ski and the force acting on the ski from the skier. Furthermore, it follows that one can numerically estimate the edging angle from the ski control model.
Introduction
The authors have proposed simulation of a ski turn (1) . Using the simulation, the effects of skis, skier's ski control and slope on the ski turn have been qualitatively clarified (2) . Furthermore, the authors have proposed a new approach to design skis. Using this approach one can design the skis considering the characteristics of a ski turn (2) - (4) . Since the skis are modeled using a non-homogeneous orthotropic plate in these studies, one can discuss the effects of the shape and mechanical properties of the skis on the ski turn. Since the slope is modeled on an elastic foundation, one can discuss the effect of the property of the slope on the ski turn. These models are not always complete theoretically but are sufficient in the present techni-cal situation. The skier's ski control is assumed to be the horizontal relative motion of a skier's center of gravity on the skis and the action of the vertical force from the skier to the skis, which is called the edging force. The skier is modeled on a particle, the mass of which is assumed to be equal to the whole mass of the skier, and the position of which is assumed to be the skier's center of gravity. Since the skier's model is too simple, one cannot discuss in detail the effects of the skier and ski control on the ski turn even when simulating the ski turn (1) . Recently, the authors have attempted to model the skier using a multibody system (5) consisting of body parts. In Ref. (5) , the skier's model employed was applied to "down-unweighting" and "upweighting" actions. Various types of skier's posture were drawn using the 3D-CAD system referring to video images of a skier in action. The position of the skier's center of gravity for each posture was estimated considering the mass and position of each body part. By arranging the postures in a time schedule and sequentially showing them on TV, one can watch and check the "down-unweighting" and "up-weighting" actions. To justify the ski control model numerically, the vertical force acting on the skis from the skier was estimated from the force of gravity and the verti-cal inertia force. The vertical force estimated agreed well with that measured experimentally by load cells.
In the present study, we attempt to reproduce the skier's ski control for a "parallel turn" using a similar procedure as that developed in Ref. (5) . First, the skier is modeled using a multibody system consisting of 15 body parts. Second, various skier's postures during the "parallel turn" are drawn using the 3D-CAD system referring to the video images of the skier in action on a slope. Third, the position of the skier's center of gravity is estimated from the mass and position of each body part of the skier. The edging angle between the skis and the slope is estimated. Last, the ski control is shown on TV by arranging the produced skier's postures sequentially. The ski control is checked on TV and inadequate postures are modified repeatedly till natural ski control is obtained. The resultant relative motion of the skier's center of gravity and the resultant force variation acting on the skis from the skier are used for determining the ski control of the "parallel turn" in the simulation. That is, it is clarified that one can obtain more complicated ski control for the "parallel turn" than for the "down-unweighting" or "up-weighting" actions using the 3D-CAD system. Furthermore, it is clarified that the variation in edging angle is estimated directly from the ski control produced.
Skier's Model Using Multibody System
The skier is modeled using a multibody system consisting of 15 body parts as shown in Fig. 1 . The model is drawn using the 3D-CAD system. The whole mass and the total height of the model are M h = 62 kg and L h = 1.80 m, respectively. The masses of the skis, ski boots and ski poles are not considered. The shape and mass of each body part was assumed as shown in Table 1 . The mass of each body part was estimated using the mass ratio described in Ref. (6) . The position of the center of gravity of each body part is estimated automatically by the 3D-CAD system. In all joints the relative displacement and rotation between two adjacent body parts are basically constrained. However, in several joints, the relative rotation is not constrained. Figure 2 shows the possible relative rotations by arrows. In Fig. 2 (a) , for example, the head is fixed to the neck, but the neck can rotate about the joint between the neck and upper body.
Drawing Process of Skier's Posture
The skier's posture during the "parallel turn" was drawn using the 3D-CAD system while referring to video images. A cubic space with a side length of 2.0 m was assumed as shown in Fig. 3 . At one corner of the cubic the origin O was taken. The Ξ', H' and Z' axes were taken along each side. The H'-Z' plane is the front elevation, the Z'-Ξ' plane is the side elevation, and Ξ'-H' plane is the plan. Furthermore, the diametric projection was used to improve the skier's posture drawn comparing it with the Table 1 Fig. 4 is an example of the skier's posture during the "parallel turn", which was obtained from a video tape of the skier in action. The skier's posture was drawn using the following 10 steps.
Step 1: Drawing standing posture as shown in Fig. 3 (a).
Step 2: Forward leaning of shin and calculation of resulting angles between shins and skis, θ FS R and θ FS L , as shown in Fig. 3 (b) .
Step 3: Right leaning of shin and calculation of resulting edging angles between skis and slope, θ SS R and θ SS L , as shown in Fig. 3 (c) .
Step 4: Vertical positioning of upper body as shown in Fig. 3 (d) .
Step 5: Forward leaning of upper body and calculation of angle between upper body and skis, θ BS , as shown in Fig. 3 (e).
Step 6: Tuning of position of hands, arms, and upper arms as shown in Fig. 3 (f) .
Step 7: Iteration of steps 2 to 6 till good agreement is obtained between skier's posture obtained by diametric projection and skier's video image.
Step 8: Estimation of position of skier's center of gravity G as shown in Fig. 3 (g) and edging angles between ski and slope.
Step 9: Shifting of skier to H' direction till coordinate H' of skier's center of gravity becomes 1.0 m as shown in Fig. 3 (h) . The shifting is carried out so that we can easily judge whether the skier's ski control shown on TV is adequate as the skier's ski control for the "parallel turn" or not since the skier's center of gravity remains at a fixed position, H' = 1.0 m. Furthermore, the forces acting on the skis from the skier are estimated from the force of gravity and the inertia forces of the skier.
Step 10: Iteration of steps 2 to 9 till relative motion of skier's center of gravity and forces acting on skis from skier become natural and smooth. 
Ski Control of "Parallel Turn" for Ski Turn's Simulation
One can watch the ski control on TV by sequentially showing the 17 types of posture in Fig. 5 at constant intervals. One can estimate the numerical information necessary for the simulation from these postures. Some important values used in determining the skier's ski control were estimated and are shown in Figs. 6-9. For the simplicity these postures are assumed to be reproduced at intervals of 0.1 sec. Then, the one cycle of the parallel turn is 1.7 sec. To facilitate the understanding of the motion of the skier's center of gravity, a new coordinate ξ'-η'-ζ' was used, the origin of which is assumed to be the skier's center of gravity at the time t = 0 as shown in the skier's posture shown in Fig. 6 . Figure 6 shows the relative motion of the skier's center of gravity G(ξ',η',ζ') to the ski. The displacements, ξ', η' and ζ', at the time t = 0 are zero since the position of the skier's center of gravity at the time t = 0 was assumed to be the origin of the coordinate. Since the skier's ski control is assumed to be repeated continuously at intervals of 1.7 sec, the posture at the time t = 0 is not the resting posture. That is, the posture at the time t = 0 shown in Fig. 5 (a) is the same as that at the time t = 1.8 sec shown in Fig. 5 (r) . Since the skier's ski control was assumed to be the "parallel turn", the lateral motion of the skier's center of gravity is large, the vertical one is moderate, and the longitudinal one is very small. Figure 7 shows the estimated edging angles θ ss R and θ ss L . These edging angles are very important in the simulation of the ski turn. However, they are not used as initial data in the simulation (1) since we have never yet estimated them. The estimation of the edging angle makes the usage of the edging angle possible as one of the parameters of the skier's ski control even in the rudimentary simulation where the coupled motion between the ski and slope is not considered. One of the valuable results of the present study is that one can numerically estimate the edging angle from the skier's ski control. When the coupled motion is considered, the edging angle will be corrected on the basis of the property of the slope, the shape and mechanical property of the skis and the skier's ski control after iterative calculation, and more accurate values will be obtained. Figure 8 shows the relative accelerations of the skier's center of gravity, a ξ' , a η' and a ζ' to the ski. To accurately estimate the acceleration, as explained in step 10 of section 3, the skier's posture must be tuned carefully referring to the relative displacements, velocities and accelerations of the center of gravity as well as the video image of the skier. In Fig. 8 , the variation of a ζ' is not always smooth although a ξ' and a η' change smoothly. In the case of the vertical acceleration a ζ' , more careful tuning seems necessary to estimate a more accurate variation. Since the period of vertical motion is about half of that of the lateral motion in the "parallel turn", the vertical acceleration increases by approximately fourfold and becomes approximately equal to the lateral acceleration although the vertical displacement is considerably smaller than the lateral displacement. Figure 9 shows the forces acting on the skis from the skier. The vertical force F ζ' is the sum of the gravity force and the inertia force in the vertical direction. The lateral force F η' and longitudinal forces F ξ' are the inertia forces in the lateral and longitudinal directions, respectively.
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In the simulation proposed in Ref.
(1), the relative displacements of the skier's center of gravity, ξ' and η', shown in Fig. 6 and the force acting on the ski from the skier, F ζ' , shown in Fig. 8 are used as the skier's ski control. The force F ζ' is often called the edging force.
Conclusions
We attempted to reproduce a skier's ski control for Forces acting on skis from skier a "parallel turn" using a 3D-CAD system referring to a video image of the skier in action on the slope. The relative motion of the skier's center of gravity to the ski and the variation of the edging angle were estimated directly. Next, the relative force acting on the ski from the skier, which is often called the edging force, was estimated as the sum of the gravity force and inertia force acting on the skier. Although we must carefully discuss the accuracy of the ski turn simulated using the estimated skier's ski control, the proposed ski control model is sure to be very useful and reasonable in comparison with the very simple skier's ski control model used hitherto in the simulation. It is the merit of the approach proposed in the present study that one can numerically estimate the skier's ski control without a complicated theoretical analysis. Although it was not explained in the present study, the skier's ski control proposed may be applicable to ski training, the study of the skiing, the design of skis, and so on. Furthermore, one can use the skier's ski control for ski turn training since one can estimate the effect of each body part's motion on the ski turn using the simulating approach for the ski turn.
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